Spontaneous intracerebral hemorrhage (ICH) accounts for one fifth of all strokes and is associated with an extremely high rate of morbidity and mortality. Affecting greater than 1 million people a year, ICH will leave the majority of its' patients significantly disabled or dead. An initially high systolic blood pressure upon presentation is associated with hematoma expansion, peri-hematoma expansion, and increased mortality. The relationship between blood pressure, the degree of blood pressure control and hematoma expansion has yet to be defined, but the literature has observed a relationship between tightly controlled blood pressures and decreased hematoma expansion. There have been many proposed mechanisms to explain this effect. Larger initial hematomas may lend greater hydrostatic forces and this could result in greater total hematoma volume, and greater surrounding edema. Recent literature has suggested that blood pressure reductions in acute ICH may be tolerated because of reduced metabolism, and preserved autoreguation in the peri-hematoma region. The volume of the hematoma is a critical determinant of mortality and functional outcome after intracerebral hemorrhage, and early hematoma growth is an important cause of neurologic deterioration. An increase in volume of more than thirty-three percent is detectable on repeated computed tomography (CT) in thirty-eight percent of patients initially scanned within the first three hours of onset of symptoms; in two thirds of these cases this change is noticeable on CT within the first hour. This supports the hypothesis that early aggressive blood pressure optimization would decrease hematoma size and edema. This is further supported by the fact that patients with high blood pressure and acute intracerebral hemorrhage have worse outcomes than their counterparts. We hypothesize that prompt and aggressive, early blood pressure reduction in emergency department patients with acute spontaneous intracerebral hemorrhage will result in a reduction of early hematoma growth. The study institution is a large urban emer-
Introduction
Spontaneous intracerebral hemorrhage (ICH) accounts for one fifth of all strokes and is associated with an extremely high rate of morbidity and mortality. ICH affects greater than 1 million people a year and the majority of patients suffer significant disability or death [1] [2] . An initially high systolic blood pressure upon presentation is associated with hematoma expansion [3] [4], peri-hematoma expansion [5] , and increased mortality [6] . The relationship between blood pressure, the degree of blood pressure control and hematoma expansion has yet to be defined, but the literature has observed a relationship between tightly controlled blood pressures and decreased hematoma expansion [7] - [9] . There have been many proposed mechanisms to explain this effect. Larger initial hematomas may lend greater hydrostatic forces and this could result in greater total hematoma volume, and greater surrounding edema [10] [11] .
Recent literature has suggested that blood pressure reductions in acute ICH may be tolerated because of reduced metabolism [12] , and preserved autoreguation in the peri-hematoma region [13] . Currently, the American Stroke Association Stroke Council [14] and the European Stroke Initiative Guidelines [15] recommend maintaining SBP < 180 mmHg in the acute phase of ICH. Both guidelines have allowed leeway for more aggressive approaches to blood pressure control in patients without clinical signs of increased intracranial pressure or chronic hypertension [14] [15] .
The ABC ICH trial was designed to answer the question: can early aggressive blood pressure reduction limit the size of hematoma expansion in acute ICH? We hypothesized that by initiating a nicardipine infusion within the first hour of presentation to the ED we could rapidly achieve a MAP of 80 -110 and thus decrease overall hematoma volumes. Those volumes were measured on the initial cat scan (CT) of the brain and a twenty-four hour follow-up brain CT.
Methods and Materials
This prospective cohort study compared the results and outcomes observed within the enrolled prospective study population, to the results and outcomes of a matched historical cohort population (future patients with intracranial hemorrhage that did not receive the ABC-ICH protocol). Historical data was collected from medical record reviews of patients with ICH as recorded in the stroke registry, as well as from previous acute ICH treatment trials.
Setting and Selection of patients:
The study institution is a large urban emergency department and tertiary care stoke center, with over 55,000 emergency department visits per year, and estimated average of 150 admissions per year for acute intracranial hemorrhage. We included all patients older than 18 years of age who presented to the emergency department within four hours of onset of signs and symptoms of an acute intracranial hemorrhage. To be eligible for inclusion in this study, patients had to satisfy all of the following criteria.
We enrolled patients with a primary diagnosis must have been acute stroke due to spontaneous ICH. This was defined as the sudden occurrence of bleeding into the parenchyma of the brain, which could extend into the ventricles and, in rare cases, into the subarachnoid space. The hemorrhage had to be confirmed by CT scan. No patients with ICH known or thought to be secondary to medical treatment (eg, antithrombotic therapy) were eligible.
The initial systolic blood pressure measurement had to be ≤220 mmHg and ≥150 mmHg. Patients with initial systolic blood pressure levels outside this range [i.e. <150 or >220 mmHg] were still randomized but were not eligible for enrolment unless they had two subsequent blood pressures inside the appropriate range. Moreover, patients with systolic SBP > 220 mmHg were eligible to receive initial blood pressure lowering agent and then enrolled, provided systolic BP was <220 mmHg within three hours of symptom onset. If the precise timing of the first signs and symptoms of the qualifying event were unknown, then the time of onset was taken as the last time at which the patient was known to be well.
All patients had to be eligible for aggressive blood pressure treatment and qualify for admission to a monitored facility such as an acute stroke unit, high dependency unit or intensive care unit. It was recognized that many ICH patients were designated "Not For Resuscitation" or "Do Not Resuscitate" after appropriated consultation with family members. This in and of itself was not a contraindication to enrolment in the trial, as long as the management was otherwise consistent with the study protocol.
Patients were not eligible if they had any of the following: A known definite contraindication to an intensive BP lowering regimen (eg severe carotid, vertebral or cerebral arterial stenosis, known Moya Moya disease or Takayasu's arteritis, high-grade stenotic valvular heart disease, or severe renal failure); a known definite indication for an intensive BP lowering regimen as (or more) intensive than the active treatment arm of this study (eg, hypertensive encephalopathy, or aortic dissection); any definite evidence that the ICH was secondary to a structural abnormality in the brain (eg, an AVM, intracranial aneurysm, tumour, trauma, or previous cerebral infarction) or a previous thrombolysis; a previous ischemic stroke within 30 days; a very high likelihood that the patient would die within the ensuing twenty-four hours on the basis of clinical and/or radiological criteria (eg, massive hematoma with mid-line shift of hemisphere or deep coma on presentation, defined by Glasgow Coma Scale Score of three to five); a known advanced dementia or significant pre-stroke disability; a concomitant medical illness that would interfere with outcome assessments and follow-up (eg, advanced cancer or respiratory disease); the patient was already scheduled for surgical evacuation of hematoma, previous participation in this trial or current participation in another investigational drug trial; a high likelihood that the patient would not adhere to the study treatment and follow-up regimen; pregnant patients were also excluded.
All patients presenting to the emergency department and meeting the inclusion criteria were enrolled in this study. In the initial emergency department assessment stage, standard emergent medical requirements were assessed and addressed before enrollment. Intra-venous access, a 12 lead ECG, laboratory data, and bedside glucose testing were obtained. Per the hospital protocol the twenty-four hour in-house stroke team (to include a stroke fellow or attending, emergency or neuro-radiologist, and CT technician) were alerted upon arrival of the patient and present for the initial exam and testing.
The study design was not designed as a new or alternative therapeutic management strategy for acute intracranial hemorrhage. The methods section outlines the standard process for identifying and managing acute ICH from the ED. For that reason, we were given a waiver of informed consent by the local IRB.
In the immediate neurologic assessment phase a standard emergency room protocol was followed for review of the relevant patient history and performance of a physical exam (with an appropriate emphasis placed on the neurologic exam). The patient's level of consciousness was assessed using the Glasgow Coma Scale (GCS), with repeated GCS measurements for neurologic change on an hourly basis. Stroke severity was assessed using the National Institute of Health Stroke Scale (NIHSS) with repeat assessment of stroke severity/progression on an hourly basis using the NIHSS, a modified Rankin Score and ICH score.
A non-contrast CT scan of the brain was ordered, and preformed using a VCT 64-slice CT scanner. The goal was to have a non-contrast CT of the brain performed in less than 25 minutes from the patient's arrival and read by an emergency trained radiologist, neuro-radiologist or stroke neurologist within forty-five minutes of the patient's arrival in emergency department. Volumes of intracranial hemorrhage were calculated, from the initial brain CT using the A * B * C/2 method, by a blinded radiologist or un-blinded neuro-radiologist.
After an acute intracranial hemorrhage was confirmed, intravenous nicardipine, with an allowable initial bolus dose of 0.01 mg/kg (with a dose no less than 0.5 mg and no more than 1 mg) was administered in the emergency room. Labetolol was the alternative medication chosen by the admitting neurology service or pre-hospital personnel to obtain a blood pressure adequate for enrollment. A nicardipine infusion was then started to obtain blood pressure reduction. A time to initiation for the nicardipine infusion of less than sixty minutes from the patient's arrival time to the ED was required to continue enrollment. The blood pressure target was a mean arterial pressure (MAP) of 80 -110. Blood pressures were monitored using an automated cuff every five minutes until the blood pressure had stabilized and then every ten minutes until the patient was transferred to the stroke unit or ICU. Regular physical exams were repeated to evaluate the patient's neurologic status. Those assessments, as previously outlined, were performed in the emergency department and continued while the patient was in the stroke unit. A final Modified Rankin Score was assigned to the patient at time of discharge or death ( Table 1) . Anticonvulsant medications were only used to treat active seizures. Coagulopathies were corrected depending on individual patient transfusion requirements, and guided by laboratory values (coagulation studies).
An interval assessment of hematoma volume (primary outcome measure) was accomplished by repeating a CT of the brain twenty-four hours from the patient's initial presentation. The volume of intracranial hemorrhage was again calculated using the A * B * C/2 method by a blinded radiologist or un-blinded stroke team physician.
A trained research assistant recorded the secondary outcome measures of death and disability by accessing the patient's electronic medical record. The Modified Rankin Score was performed at the time of the patient's presentation to the ED and subsequently repeated by the stroke neurologist prior to discharge. This data was also obtained from the inpatient electronic medical record.
Cohort patient data was collected from our hospital stroke registry. A convenience sample of those patients with the diagnosis of ICH was then abstracted for comparison to the prospectively enrolled study population. A blinded stroke neurologist then calculated all of the hematoma volumes and Modified Rankin Scores for both groups.
Results
From June 2007 to June 2009 fifty patients were enrolled into the study. 19 patients were excluded for a failure to obtain a twenty-four hour head CT. The most common reason for failure to obtain the twenty-four hour head CT was emergent hematoma evacuation. Fifty patients were selected from a convenience sample from December 2009 to July 2010 to serve as a cohort group ( Table 1) . 33 patients were excluded from the control group because they needed emergent hematoma evacuation. The difference in mean total hematoma volume at twentyfour hours was 7.29 ml (cohort) and 2.84 ml (study). This resulted in an absolute decrease in hematoma size of 4.45 ml in those patients who were treated aggressively with nicardapine within one hour of their presentation to the ED ( Table 2 ). The time to reach our blood pressure target occurred more rapidly in the cohort group [150.9 to 91.4 min (p > 0.05)]. Sampling the ICH population following completion of a study is likely to suffer from retention of some of the study protocol as local standard practice for treating ICH patients has changed. We also found that the time from patient presentation in the ED to the initiation of a nicardapine infusion was significantly faster in the study group as compared to the cohort [51.83 to 84.7 min (p > 0.05)]. The Modified Rankin Scores were not significantly different between these two groups, but the study power was affected by the dismissal of patients from the cohort group who required emergent hematoma evacuation.
Statistical Analysis Used
A research assistant obtained all data from the patient's emergency department encounter and ICU stay by accessing the electronic medical record and using data collection sheets approved by the local IRB. The data was then transferred to an Excel™ spreadsheet. The Microsoft™ spreadsheet was then analyzed using SPSS (Version 19) software. Then the data was processed using the TTEST procedure to allow for the Satterthwaite and Pooled methods to derive mean, standard deviation, standard error and to obtain the confidence intervals found in Table 2 . Our primary outcome was: a measurable decrease in hematoma volume seen on the twenty-four hour brain CT in those patients who received an early infusion of nicardapine (within one hour of their presentation to the ED) for aggressive blood pressure reduction. Secondary outcomes included an improved Modified Rankin Score, NIHSS and decrease in mortality.
Limitations
The primary limitation of this study was our ability to enroll a sufficient number of patients to power our results for clinical outcomes. Given the severity of this disease process, the majority of the cohort patients were placed into one of two categories that often precluded their continued enrollment in this study: emergent hematoma evacuation and impending death. This study would have to be repeated over a longer enrollment period or in concordance with a multi-center approach to show meaningful clinical outcomes in secondary measures such as the Modified Rankin Scores. A repeated study with a more robust enrollment would also be needed to evaluate the trend seen in this study towards decreased hematoma size post ICH with the early initiation of nicardipine infusions. It would also be extremely useful to try and ascertain if the initiation of some form of blood pressure reduction agent is more important than the total time it takes to achieve blood pressure reduction. Another constraint that affected our outcomes was that the in-house stroke team and Houston Emergency Medicine Service had preexisting protocols for rapidly lowering systolic blood pressures to a target of <180 with labetolol for all suspected stroke patients. Their protocols were designed to assure that the more commonly encountered patients with ischemic stroke also meet criteria for fibrinolysis if there was no CT evidence of intracerebral hemorrhage. Eight patients in the cohort group also received blood pressure therapy in their initial hour of presentation to the ED ( Table 1) . Per our hypothesis, we would then expect those patients in the cohort group who received early blood pressure therapy to have had a decreased twenty-four hour hematoma volume and improved Modified Rankin Score, which they did. Ideally, the study would need to be repeated utilizing only one blood pressure optimizing agent.
Discussion
Intracerebral hemorrhage is a known complication of longstanding hypertension and usually results in rupture of a small vessel in the cerebellum, thalamus, pons, or basal ganglion. Modern neuro-imaging studies indicate that continued bleeding and expansion of the hematoma occurs in up to one third of patients within the first several hours of onset, and probably over three to twenty-four hours in another ten percent [3] [4] . Further neurological deterioration may occur over several days secondary to the adverse effects of edema and inflammation in the peri-hematomal region [5] . Most cases of ICH are attributed to chronic hypertension and the vast majority of these patients are severely hypertensive in the first twenty-four hours of their stroke. The volume of the hematoma is a critical determinant of mortality and functional outcome after intracerebral hemorrhage, and early hematoma growth is an important cause of neurologic deterioration [3] [11] [16] . An increase in volume of more than thirty-three percent is detectable on repeated computed tomography (CT) in thirty-eight percent of patients initially scanned within the first three hours of onset of their symptoms; in two thirds of these cases this change is noticeable on CT within the first hour [10] [11] . This suggests that early aggressive blood pressure reduction would decrease hematoma size and edema. This is further supported by the fact that patients with high blood pressure and acute intracerebral hemorrhage have worse outcomes than their counterparts [1] . Early hematoma growth occurs in the absence of a measurable coagulopathy and appears to result from continued bleeding or re-bleeding at multiple sites within the first few hours after onset. Early hematoma growth may be exacerbated by arterial hypertension and by local coagulopathy induced by the hematoma [1]- [5] .
Since large multicenter trials designed to limit the hematoma size in ICH by increasing coagulability have failed [17] , blood pressure control appears to be the remaining opportunity to affect this condition in its acute phase. The Factor Seven for Acue Hemorrhagic Stroke Trial (FAST) has cast some doubt on the importance of hematoma control. FAST detected no improvement in survival or functional outcomes with small reported hematoma growth (average 2.6 to 3.8 ml over twenty-four hours) when participants were treated with recombinant activated Factor VII [17] . Although there was no overall mortality benefit, subgroup analysis has shown some modest benefit in certain populations to include those treated in less than 2.5 hours [18] . It has recently been proposed that confounders like prognostic factors between randomized groups, comorbid effects of residual disability in older patients, and adverse thromboembolic events contributed to a type one error [18] . Other observational studies however, had previously established that early reduction in blood pressure was associated with smaller hematoma volumes [3] [11] [16] .
There were two clinical trials (INTERACT and ATACH) published in 2010, which were designed to identify a target blood pressure that would limit the expansion of hematoma volume [19] [20] . However, hematoma size and growth are disease oriented outcomes and the question of patient oriented benefit is still largely unanswered.
The Antihypertensive Treatment of Acute Cerebral Hemorrhage (ATACH) study was a randomized control trial designed to assess the safety of lowering blood pressures in ICH patients into one of three tiers (tier one SBP < 200 and >170, tier two SBP < 170 and >140, and tier three SBP < 140 and >110) by using nicardipine. [16] The mean time to initiate nicardapine was approximately three hours. The patients in the second and third tiers had small hematomas, but they also had a trend toward a higher incidence of serious adverse events although those events did not reach clinical significance [19] . This study was not powered to uncover clinical outcome measures, but again there was no significant change in the Modified Rankin Score between the different patient groups, but the study was not powered to assess clinical or statistical outcome measures [19] .
The Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial (INTERACT) was a randomized controlled trial that proved early initial blood pressure control was safe and well tolerated [20] .
INTERACT randomized 404 patients with ICH and elevated SBP (<220 and >150) to either intensive blood pressure reduction (SBP < 140) or to the American Stroke Association guideline (SBP < 180) within six hours of presentation to the ED. The primary endpoint was change in hematoma volume at twenty-four hours [20] . The study was not powered to differentiate between clinical outcomes, but follow up at three months showed no significant difference in mortality between the two groups. However, in subgroup analysis hematoma expansion was significantly decreased by aggressive blood pressure control in patients recruited within three hours and in those patients with an initial SBP > 181 [20] . The majority of the time, this was accomplished using intravenous loop diuretics or ace inhibitors to lower systolic blood pressure, but occasionally oral medications were also employed.
There were numerous key differences between these studies, to include an overall lower enrollment SBP in the INTERACT study (only 47% with SBP > 180), ethnicity, choice of blood pressure medications and medication delivery [19] [20] . INTERACT chose to include 10% of those with a CT diagnosis of non-supratentoral bleeds in their post hoc analysis, which would also be less likely to be of hypertensive origin [19] . ATACH had a much higher success rate at early blood pressure control (90% of those recruited were controlled at 2 hours). This could be attributed to their study medication choice [20] . These differences may explain the variation in the two studies, but they do not explain the failure of either study to reach a clinical significance by limiting the size of hematoma volume. It is likely that a large multicenter trial will be necessary to ascertain the clinical significance of limiting hematoma volume with aggressive early blood pressure reduction because even the highest volume emergency departments in the United States would need several years to collect enough patients with intracerebral hemorrhage to generate the power to find these differences.
Both INTERACT and ATACH have provided the necessary background to support the necessity of the ABC ICH trial. Both call for a prospective study to evaluate reduction in hematoma volume and outcome benefits in patients who have their blood pressure aggressively controlled in less than four hours from onset of symptoms.
There is conflicting evidence from prospective studies, retrospective studies and case series regarding the efficacy of blood pressure reduction in decreasing the rate of early hematoma growth. We hypothesized that initiation of prompt and aggressive blood pressure reduction in acute ICH patients will result in a reduction of early hematoma growth.
The primary outcome of this study was: a measurable decrease in hematoma volume in those patients who received an early infusion of nicardapine (within one hour of their presentation to the ED) for aggressive blood pressure reduction. Our data points toward a trend in smaller hematoma volumes (absolute decrease 4.45 ml) in those patients receiving early aggressive blood pressure therapy, but due to a limited sample size and variable hematoma sizes the confidence intervals overlap zero. A larger sample size would be required to establish that a reliable reduction in ICH volume occurs for those patients who not only receive an early nicardapine infusion (sixty minutes from presentation), but are then able to maintain those optimized blood pressure parameters. Further, the same sample size would be needed to delineate what that ideal blood pressure is and how quickly it should be achieved to maximize clinical outcomes. These results support the previous research hypothesis (INTERACT and ATACH) that aggressive blood pressure control in intracerebral hemorrhage may show some statistical benefit in the reduction of hematoma size, however a larger sample size would be necessary to show clinical significance.
Conclusion
The results of the ABC-ICH trial support previous studies (the INTERACT and ATACH trials) suggesting that early aggressive blood pressure control in intracerebral hemorrhage reduces hematoma growth, however the clinical benefit of such reduction will have to be evaluated in future trials. The ABC-ICH trial reinforces the current thinking that the majority of patients with intracerebral hemorrhage, which was not so large as to warrant an immediate hematoma evacuation, have a disease that may benefit from early aggressive blood pressure reduction with respect to limiting the size of hematoma expansion.
